Introduction
Prolactin (PRL) exhibits a variety of physiological functions in vertebrates (Bole-Feysot et al., 1998) . In birds, PRL exerts crop sac development in Columbiform (Nicoll, 1967) , brood patch formation (Hutchison et al., 1967) and incubation behavior (Janik and Buntin, 1985 , Sharp et al., 1988 , Youngren et al., 1991 . PRL initiates its functions through binding to the single transmembrane receptor called prolactin receptor (PRLR) . cDNA encoding PRLR has been cloned in several birds (Tanaka et al., 1992; Chen and Horseman, 1994; Zhou et al., 1996) . The overall structure of the avian PRLR is similar to that of mammals, except the extracellular domain has two homologous repeated units. The each repeated region has all cysteine pairs and a WSXWS motif characteristic to the conserved ligand binding domain in the mammalian PRLRs , and which is the result of the duplication of exons 4-7 of mammalian PRLR (Hui et al., 2004) . In in vitro binding assay using pigeon PRLR and that of mutant containing only membrane-proximal hormone binding domain, both wild and mutant PRLR showed the same binding affinity to rat PRL. The result indicates that two PRL molecules may not bind to the PRLR in pigeon (Chen and Horseman, 1994) . However, whether the putative membrane-distal PRL binding region is capable to bind with PRL has not been confirmed directly.
Number of studies have shown in mammals that PRL coupled with PRLR phosphorylates Janus kinase 2 (JAK2) and which phosphorylates Signal Transducer and Activator of Transcription 5 (STAT5) to lead signal transduction (Gouilleux et al., 1994; Miyoshi et al., 2001) . Despite PRL is shown to bind specifically with avian PRLR in vivo and in vitro (Chen and Horseman, 1994; Di Cario et al., 1996; Buntin et al., 1998) , signal transduction via avian PRLR is less understood.
Therefore in the present study, we first established chicken PRLR is able to activate signaling pathway after PRL stimulation and second tested interaction between two putative PRL binding domains of chicken PRLR with PRL by monitoring activation of JAK-STAT signal transduction pathway in vitro.
Materials and methods

Construction of chicken PRLR expression vector.
The full coding sequence of wild type of chPRLR (chPRLRWT) was amplified by PCR using a pair of primers specific to chicken PRLR cDNA (accession No. D13154), 5'-GAATTCATCATGAAACAGGATTTGAT-3' (nt 220-229 with Eco RI site; forward) and 5'-GTCGACGAAGAGTGATCAAACTTTTA -3' (nt 2720-2729 with Sal I site; reverse) from chicken hypothalamic cDNA library (Ohkubo et al, 2000) . The chPRLRWT cDNA fragment was cloned into pGEM-T easy vector (Promega, Madison, WI, USA) and confirmed the nucleotide sequence. Subsequently, the chPRLRWT cDNA was cloned into the Eco RI/Sal I sites of pCI-neo mammalian expression vector (Promega, Madison, WI, USA). A mutant chPRLR possessing only membrane-distal extracellular domain (chPRLR1D) was constructed as follows. The chPRLRWT cDNA subcloned into pBluescript SK (-) (Stratagene, Cambridge, UK) was digested with Sac I to remove a cDNA fragment coding entire 2nd extracellular domain of chPRLR. The digested chPRLR cDNA fused with pBluescript SK (-) was self-ligated and transformed into JM109 to obtain a plasmid vector containing chPRLR1D (pBluescript-chPRLR1D). The pBluescript-chPRLR1D was sequenced to confirm removal of a cDNA fragment corresponding to 2nd extracellular domain and the cloned into the pCI-neo mammalian expression vector as described above Japan, Tokyo, Japan) containing 10% foetal bovine serum (FBS), 100 units/ml penicillin and 100 µg/ml streptomycin at 37°C in an atmosphere of 95% air and 5% CO 2 .
Transient transfection and reporter gene assays
Various combinations of expression vectors for pCI-chPRLRWT, pCI-chPRLR1D or pCI-chPRLR2D were transfected into CHO-K1 or LMH cells along with pAH32, a reporter vector activated by multiple STATs (Rosenblum et al., 1998) and pRL-Tk, a control plasmid expressing Renilla reniformis luciferase under the control of thymidine kinase (Promega, Tokyo, Japan) using TransFectin Lipid Reagent (Bio-Rad, Tokyo, Japan) according to the manufacturer's protocol. Four hours after transfection, growth medium was replaced with serum-free medium and incubated for another 4 h. Then the cells were stimulated with 10ng/ml of ovine (o) PRL (Sigma Aldrich Japan, Tokyo, Japan) for 16 h. After PRL treatment, the cells were lysed and luciferase activities were measured using a Dual-luciferase reporter assay system (Promega) according to the manufacturer's instructions. Firefly luciferase activity was normalized to Renilla luciferase activity and which was expressed as relative light units.
Western blot analysis for chPRLR and STAT5
LMH cells transfected with pCI-chPRLRWT, pCI-chPRLR1D or pCI-chPRLR2D by using TransFectin Lipid Reagent (Bio-Rad) were lysed with Mild Lysis Solution (CytoSignal, Irvine, CA, USA) containing protease inhibitors (Complete; Roche Applied Science, Tokyo, Japan) and Phosphatase Inhibitor Cocktail (Nacalai Tesque, Kyoto, Japan). Protein concentration of the cell lysates was determined using BCA Protein Assay Reagent (Pierce Biotechnology, Rockford, IL, USA). Ten µg of whole cell lysate was separated by 10 % SDS-PAGE followed by transfer onto Hybond-P membrane (GE Healthcare, Tokyo, Japan). After the transfer, the blot was blocked in PBS (-) containing 0.1 % Tween 20 (PBST) with 5% skim milk for 20 min. were used as primary-and secondary-antibody, respectively. After developed the signals, the primary antibody was striped from the blot and the membrane was treated with STAT5 PAN AB (Invitorgen, Tokyo, Japan) as a primary antibody to detect total STAT5 expressed in the cells.
Results
Activation of PRL-dependent signaling cascade via putative chicken PRLR in CHO-K1 cells.
Whereas 1.0 ng/ml oPRL did not result obvious induction of luciferase activity, oPRL from 1.0 to 100 ng/ml dose dependently increased luciferase activity in CHO-K1 cells transiently expressed chPRLRWT (Fig. 1) . The pAH32 reporter vector containing STAT binding element from IRF-1 gene and that is transactivated via JAK-STAT signaling cascade (Rosenblum et al., 1996) . Therefore, present result indicated that PRL specifically activated JAK-STAT signaling pathway via chPRLR in CHO-K1 cells.
Expression of chicken PRLR in LMH cells
Major immunoreactive protein specifically bound with anti chPRLR polyclonal antibody were observed at approximately 120 kDa for chPRLRWT and 80 kDa for chPRLR1D and chPRLR2D (Fig. 2) . The crrossreacted proteins were larger than that of estimated molecular mass from the putative amino acid sequences. It may be a result of posttranslational modification.
Transactivation of JAK-STAT signaling cascade via truncated chPRLRs
Prolactin activated luciferase reporter gene in LMH cells expressing chPRLRWT, which is similar to the observation in chPRLRWT expressed CHO-K1 cells.
Furthermore, oPRL also increased luciferase activity in LMH cells expressing chPRLR1D and chPRLR2D (Fig. 3) . In Western blot analysis using the LMH cells expressing all chPRLRs, phosphorylated STAT5 was satisfactory detected by 100 ng/ml of oPRL stimulation (Fig. 4) , but not by 10 ng/ml of PRL treatment (data not shown).
Discussion
It is known that avian and reptilian PRLRs have a unique structure compared to PRLRs of other vertebrates in which the extracellular domain of the cDNAs contains two tandemly repeated similar units (Tanaka et al., 1992; Chen and Horseman, 1994; Zhou et al., 1996; Kato et al., 2005) . Whereas Chen and Horseman (1994) demonstrated that the membrane proximal ligand-binding domain specifically binds with PRL. However, membrane distal ligand binding domain is able to couple with PRL is still unknown. In the present study, we developed functional binding assay for PRL using chicken PRLR to solve this question. In a preliminary experiment, we found PRL dose-dependent activation of signaling via chPRLR by luciferase assay in CHO-K1 cells transiently expressed chPRLRWT (Fig. 1) . STAT binding element inserted into pAH 32 is from IRF-1 gene (Rosenblum et al., 1996) , and which binds with activated STAT proteins by PRL (Wang et al., 1996) . In addition, functional domains for signal transduction in mammalian PRLR are also highly conserved in avian PRLR (Tanaka et al., 1992; Chen and Horseman, 1994; Zhou et al., 1996) .
Therefore it is likely that PRL bound with chPRLR initiated activation of JAK2-STAT5 pathway in the CHO-K1 cells. Therefore we next tested whether PRL was able to activate JAK2-STAT5 signaling pathway in a chicken cell line, LMH. We succeeded in expressing truncated chPRLRs as well as wild type chPRLR in LMH cells (Fig. 2) .
The molecular mass of the chPRLRs was larger than that of estimated molecular weight calculated from the putative amino acid sequence. Long form rat PRLR is detected as 82 kDa protein (Ali et al., 1991) , which is close in size of truncated chPRLR possessing single extracellular domain. Furthermore prolactin receptor expressed in mammary epithelial cells as 78 and 70 kDa protein are reduced to a single 61 kDa molecules after N-glycanase F treatment (Bolander, 1999) . Three putative N-linked glycosylation sites in mammalian PRLR are conserved in the ligand binding domains of chPRLR (Tanaka et al., 1992) . Increase of molecular mass of the chPRLRs expressed in LMH cells is, in part, a result of glycosylation. Using these chPRLR
expressing LMH cells, we tested whether PRL-treatment increased luciferase activity (Fig. 3 ) and phosphorylated STAT5 (Fig. 4) . Lower concentration (10 ng/ml) of oPRL satisfactory increased luciferase activity in LMH cells expressing chPRLRWT, which
indicates that activated STAT protein bound with the STAT-binding element in the reporter vector. In Western blot analysis in LMH cells expressing chPRLRWT, we failed to find obvious phosphorylation of STAT5 by 10 ng/ml oPRL treatment (data not shown). This may be because STAT5 expressing in LHM cells is too low to detect activated STAT5 by lower concentration of PRL in the present experimental condition.
In deed, we observed satisfactory phosphorylation of STAT5 by high concentration (100 ng/ml) of oPRL treatment (Fig. 4) . Furthermore, we also found JAK2 (Tanaka et al., 1992; Chen and Horseman, 1994; Zhou et al., 1996) . The two pairs of cysteine are important for ligand binding and maintenance of structural integrity of the PRLR (Rozakis-Adcock and and WSXWS motif is requisite for high affinity binding with PRL (Rozakis-Adcock and Kelly, 1992) . Conservation of these structures in the membrane distal PRL binding domain may be a reason PRL signaling occurred via chPRLR1D.
In the present study, we showed occurrence of signal transduction by PRL in cells expressing the mutant PRLRs, chPRLR1D and chPRLR2D. Which indicates each putative ligand-binding domain in authentic chPRLR may bind specifically with PRL.
However, our results can not explain why mutant pigeon PRLR showed no significant difference with the endogenous PRLR, in terms of binding affinity and specificity for rat PRL (Chen and Horseman, 1994) . Further experiment whether 1st ligand-binding domain of native chPRLR is able to bind with PRL is required to rule out how PRL interact with PRLR to modulate PRL action in birds. Results represent the average of four measurements ± SEM. 
